methods for analysis and characterization of N-nitroso compounds (NC) formed in foods by nitrite treatment were developed.
Endogenous synthesis of N-nitroso compounds (NC) from nitrite and amines or amides may be a major source of human exposure to these carcinogens.
Since precursor amines and amides are incorporated in the body mainly via foods, those in foods have been studied extensively, and various NC have been identified1-5).
However, a number of so-farunidentified NC are likely to be formed in foodnitrite mixtures. Several workers have pointed out that in certain foods the cumulative amounts of individual known NC accounted for only 1-10% of the total N-nitroso compounds (TNC) content6,7) T. This may be due, at least in part, to the fact that much attention has been directed to mutagenic NC. Since mutagenicity The chemical denitrosation procedure employed in the above method is also used in the spectrophotometric determination of NC developed by Eisenbrand and Preussmann12). Although the spectrophotometric method has not been applied to food samples, probably because of its low sensitivity, it might be applicable to those that are treated artificially with a high concentration of nitrite to find new NC. Recently, we modified the method of Eisenbrand and Preussmann12), and were able to classify NC (except nitrosamides) into three groups based on the pKa values of their precursors13). Our method seems useful for characterization of unknown NC. In this paper, we investigated various analytical conditions for application of this method to the characterization of NC formed in foods by nitrite treatment, as a part of the search for new NC. Since nitrosamides could not be distinguished from other NC in our previous method13j in spite of their importance among NC14), the spectrophotometric method of Preussmann and Schaper-Druckrey15) was also investigated similarly for determination of nitrosamides as a class. These established methods were used to characterize NC in several nitrite-treated foods.
Materials and Methods

Chemicals.
N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG) and N-nitroso-N-methylurea (NMU) were purchased from Nakarai Chemicals Co., N-nitrosopyrrolidine (NPYR) and N-nitroso-N-methylurethane (NMUT) were from Aldrich Chemical Co., nitrosodimethylamine (NDMA) and nitrosodiisobutylamine (NDiBA) were from Wako Pure Chemical Co., and N-nitrosomorpholine (NMOR), N-nitroso-Nmethylaniline (NMA) and N-nitrosodiphenylamine (NDPhA) were from Tokyo Kasei Kogyo Co. Nitrosoproline (NPRO) and nitrososarcosine (NSAR) were synthesized according to the methods of Lijinsky et al. 16 ) and Yamamoto et al., 17) respectively. Denitrosating reagents, hydrogen bromide/acetic acid (1.88% HBr/HOAc) and hydrogen chloride/acetic acid (1.88% HCl/HOAc), were prepared as described previously13). Griess reagent (0.5% sulfanilamide-0.05% N-1-naphthylethylenediamine dihydrochloride/30% HOAc) was prepared freshly before use.
Food Samples. Foods samples were purchased from retail stores in Kanagawa prefecture. Foods that needed cooking before ingestion were boiled or broiled before nitrite treatment.
Nitrite Treatment and Extraction of NC. A food sample (40g) was homogenized in a blender with about 120ml of water, and made up to 160ml with water. The homogenate was divided into four 25ml portions, which were placed in brown glass-stoppered 100ml flasks. Then 2ml of 3% sodium nitrite was added to two of the above flasks (nitrite-treated samples; nitrite concentration during treatment was 1000 ppm). These two nitrite-treated samples together with the other two (control samples) were adjusted to pH 3 with concentrated hydrochloric acid, made up to 40ml with water, and incubated at 37C for 1hr. The resulting mixtures were treated with 150mg each of ammonium sulfamate, allowed to stand for a while, and, if necessary, centrifuged and/or filtered to remove solid material. Aliquots of the mixture (10 ml) were placed in a separatory funnel together with 10ml of water, 3.2ml of phosphoric acid and 5g of sodium sulfate, and the whole was extracted with ethyl acetate (3X40ml). The organic layer was dried over anhydrous sodium sulfate, and concentrated to 3ml under reduced pressure at 40C (not to dryness). The four concentrated extracts from two nitritetreated samples and two control samples were analyzed for NC content as described below.
Determination of NC. NC were determined by the following four methods. (1) To 0. 5 ml of a concentrated extract was added 2 ml of 1. 88% HBr/HOAc, and the mixture was allowed to stand for 10 min at room temperature. Griess reagent (4ml) was added, and the absorbance at 550nm was recorded after 15min. If the solution became turbid on addition of Griess reagent, it was passed through an ACRO-LC 13 filter (0.45um, Gelman Science). If necessary, the same treatment was also carried out with the following modifications.
(2) HCl/HOAc was used instead of HBr/HOAc.
Other procedures were the same as in the case of method 1. (3) 
Results and Discussion
Eisenbrand and Preussmann12) employed acetic acid as a sample solvent for the spectrophotometric determination of NC. Acetic acid, however, seems impractical for extraction and concentration of NC from food samples. Therefore, the suitability of various organic solvents for the determination was examined using NPYR and NPRO by method 1, a modification of the procedure of Eisenbrand and Preussmann12). NPYR and NPRO belong to LNC and MNC13), respectively. As shown in Table 1 , ethyl acetate, dichloromethane and diethyl ether gave satisfactory results which were comparable to those obtained with acetic acid. Diethyl ether, however, was somewhat difficult to handle because of its higher volatility. Similar satisfactory results were obtained for nine other NC listed in "Chemicals" (reaction yields as nitrite, 79-97%) when ethyl acetate was employed as a sample solvent.
In order to find the most suitable solvent for extraction of NC, recoveries of the above two model compounds from aqueous solution and TNC from nitrite-treated food samples were compared using ethyl acetate and dichloromethane. Ethyl acetate gave higher recoveries as shown in Table 2 . Although the NC extracted with ethyl acetate may be different from 0.27 jtmol/ml, while NDPhA, NMA and butyl nitrite gave 92, 92 and 63%, respectively, of the absorbance obtained with equimolar amounts of nitrite. These results seem reasonable, since acid-labile SNC such as NDPhA and NMA and alkyl nitrites are expected to be decomposed easily to give nitrite under the conditions employed in method 4. Consequently, nitrosamides content was calculated by subtracting SNC content from the content determined by method 4 (alkyl nitrites could not be excluded from nitrosamides content because of their contribution to MNC content). According to the established procedures, TNC, LNC, MNC, SNC and nitrosamides in several nitrite-treated foods were determined (Table 3) . NC content in each food was calculated by subtracting the absorbance of the control (nitritenontreated samples) from that of the nitritetreated samples.
Because the control absorbance of certain samples was relatively high, we tentatively judged that NC were formed significantly when the absorbance of a nitritetreated sample was at least twice that of the control.
However, the minimum absorbance ratio in significant cases was 4.3. Table 3 shows that the amount of TNC differs greatly with different foods: soy sauce gave the largest amount among the foods examined. The characteristics of NC formed and the proportion of NC content of each group in TNC also differed with different foods.
These data may provide an index for considering what groups should be further studied. Although two different samples were used for each food, the analytical data were in good agreement with each other except for broiled horse mackerel.
The disagreement on broiled horse mackerel may be attributed to the cooking conditions. 2) Not determined 
